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Introduction
Homocysteine	 (Hcy)	 	is	 an	 amino	 acid	 that	
contains	 a	 thiol	 group	 (-SH)	 and	 it	 is	 formed	 by	
intracellular	demethylation	of	methionine.	 In	 the	
plasma,	homocysteine		is	mainly	bound	to	proteins	
(albumin),	 but	 free	 forms	 like	 oxidized	 ones	
and	 disulfide	 bonds	 are	 also	 present.	 	Although,	
discovered	 in	 1932	 and	 extensively	 studied	 in	
human	 medicine	 as	 a	 plasma	 biomarker	 for	
multiple	diseases	(cardiovascular,	cerebrovascular,	
renal,	reproductive	and	genetic	disorders),	it	is	less	
required	 in	 veterinary	 plasma	 tests	 in	 Romania	
due	to	high	costs	(Vincent	et al.,	1952).
Not	 commonly	 found	 in	 mammalian	 diets,	
but	 it	 is	 an	 essential	 intermediate	 in	 the	 normal	
metabolism	of	methionine.	Each	of	these	compo-
nents,	 methionine	 or	 homocysteine,	 is	 the	 pre-
cursor	 of	 the	 other.	 Similarly,	 the	 synthesis	 of	
one	 represents	 the	 detoxification	 metabolism	
of	 the	 other.	 This	 relationship	 is	 based	 on	 the	
ubiquitous	presence	of	the	methionine	metabolic	
cycle	 in	 the	 organism	 (Finkelstein	 et al.,	 2000).	
Its	 two	metabolic	 pathways	 influence	 its	 plasma	
levels.	 The	 first	 metabolic	 pathway	 is	 cysteine	
trans-sulfurization,	in	the	presence	of	the	enzyme	
cystathionine	beta-synthetase	 (CBS),	 the	enzyme	
that	 uses	 vitamin	 B6	 as	 a	 cofactor.	 The	 second	
metabolic	 pathway	 is	 methionine	 remethylation	
via	 the	 enzymes	 methylene-tetrahydrofolate	
reductase	 (MTHFR)	 and	 methionine	 synthetase.	
The	latter	have	as	co-substrate	folic	acid	(vitamin	
B9)	and	as	co-enzyme,	cobalamin	(vitamin	B12).	
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Epidemiological	 and	 clinical	 studies	 in	 humans	 established	 the	 relationship	 between	 homocysteine	 (Hcy)	
level	 in	plasma	and	cardiovascular,	kidney	and	liver	diseases.	In	veterinary	medicine,	the	results	regarding	Hcy	
are	 questionable	 due	 to	 conflicting	 and	 rare	 data.	 The	 relationship	 between	 the	 metabolism	 of	 Hcy	 and	 the	
nutritional	principles	of	different	diets	can	lead	in	the	future	to	a	real	prevention	of	cardiovascular	diseases	by	
simply	managing	the	food	of	predisposed	and	elderly	animals.	The	present	study	aims	at	comparing	two	types	
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Therefore,	 the	 plasma	 level	 of	 homocysteine	 	is	
inversely	 proportional	 to	 the	 plasma	 level	 of	





ine	 level	 (considered	 in	 humans	 to	 be	 at	 a	 plas-
ma	 level	 above	 12-15	 μmol	 /	 L)	 and	 	 occurs	 in	
situations	of	blockage	of	one	of	the	two	metabolic	
pathways	 (Keung	 et al.,	 2015).	 	 Noting	 the	
increasing	 incidence	 of	 various	 pathologies	 in	
patients	 with	 hyperhomocysteinemia,	 in	 human	
medicine	it	has	come	to	be	considered	as	a	relevant	
biomarker	 in	 the	 case	 of	 cardiovascular	 disease	
and	 myocardial	 infarction	 in	 geriatric	 patients.	
Furthermore,	metabolic	aberrations	usually	result	
in	 elevated	 plasma	 concentrations	 of	 Hcy	 and	
that	 is	 the	 reason	 hyperhomocysteinemia,	 along	
with	folic	acid	deficiency,	is	considered	a	sensitive	
marker	and	also	a	risk	factor	in	disorders	such	as	
cardiovascular,	 neurodegenerative	 and	 plasma	
clotting.	 As	 for	 veterinary	medicine,	 studies	 and	
publications	regarding	Hcy	as	a	marker	for	diseases	
and	 prognosis	 are	 scarce	 and	 the	 data	 found	 is	
conflicting.	What	 we	 know	 for	 sure	 is	 that	 dogs	
suffering	from	heart	and	kidney	pathologies	have	
a	 statistically	 significant	 increase	 in	 this	 amino	
acid	plasma	levels	compared	to	healthy	dogs	and	
that	the	use	of	it	as	a	biomarker	is	highly	requested	
(Gołnski	 et al.,	 2017).	 Hyperhomocysteinemia	
is	 usually	 the	 result	 of	 a	 sum	 of	 factors:	 genetic	
(polymorphism),	 physiological	 (age	 and	 sex),	
different	 drugs	 and	 dietary	 intakes	 (Verly-Jr	
et al.,	 2014).	 It	 has	 been	 shown	 that	 although	
hyperhomocysteinemia	 is	 a	 result	 of	 folate	 and/
or	 vitamin	 B12	 deficiency,	 it	 also	 reflects	 an	
overall	 poor	 nutritional	 status	 correlated	 with	
low	concentrations	of	vitamin	C	and	carotenoids	
(Whalley	et al.,	2013;	Celik	et al.,	2017).
The	 relationship	 between	 the	 metabolism	
of	Hcy	and	 the	nutritional	principles	of	different	
diets	can	lead	in	the	future	to	a	real	prevention	of	
cardiovascular	 diseases	 by	 simply	managing	 the	
food	of	predisposed	and	elderly	animals.	Current	
studies	 show	 that	 there	 is	 a	 possibility	 that	
supplementation	of	the	ration	with	folic	acid	and	
B-complex	 vitamins	 may	 regulate	 homocysteine	
metabolism	 without	 its	 accumulation	 at	 the	




it	 is	 necessary	 to	 search	 for	 new	 alternative	





natural	 or	 “home-made”	 diets	 detrimental	 to	
commercial	 or	 conventional	 ones,	 recommended	
by	 veterinarians.	 This	 tendency	 began	 at	 the	
same	time	with	people’s	desire	 to	move	 towards	
more	 natural	 and	 organic	 products	 in	 their	 own	
diet.	 We	 tried	 to	 understand	 both	 sides	 of	 the	
story,	 as	 owners	 and	 veterinarians	 and	 to	 offer	
ourselves	 science-based	 answers,	 hence	 the	
motivation	to	start	this	scientific	study.	Nowadays,	
veterinary	 medicine	 is	 shifting	 its	 attention	
towards	 prevetion	 more	 than	 ever	 and	 this	
motivates	not	only	veterinary	specialists	but	also	
owners	 to	 invest	 in	 a	 complete	 and	 high	 quality	
diet	 to	 prevent	 diseases.	Why	 is	 Hcy	 the	 perfect	
biomarker	 for	 this	 study?	The	answer	 lies	 in	 the	
relationship	 between	 its	 metabolism	 and	 the	
effects	of	hyperhomocysteinemia	in	cats	(Ozkan	et 
al.,	2017).	






The	 animals	 considered	 for	 this	 study	 were	
cats	 recruited	 via	 the	 students	 of	 the	 university.	
Information	on	the	cats’	environment	and	dietary	
history	 were	 obtained	 during	 a	 discussion	 with	
the	owners,	in	which	they	were	also	asked	about	
the	 presence	 of	 any	 sign	 of	 disease	 and	 ongoing	
drug	 treatments.	 The	 animals	 were	 clinically	




The	 selected	 cats	 –	 in	 a	 total	 of	 five	 -	 were	
distributed	into	groups	accordingly:	
- Control group	 (C)	 with	 one	 subject	 (female,	 4	
years	old)	with	outdoor	access	and	a	mixed	diet;
- Test group 1	 (T1)	 with	 two	 indoor	 subjects	









- Test group 2	(T2)	with	also	two	indoor	subjects	
(females,	 2	 and	 3	 years	 old	 respectively)	
commercially-fed	with	a	medium	quality	diet.
Types of diet
Each	 group	 was	 changed	 to	 a	 specific	 diet	
from	the	ones	they	were	fed	before,	except	control	




Samples	 taken	 at	 the	 beginning	 of	 the	 stu-





Measurements	 of	 HCY	 were	 performed	 by	
ERI	 VET	 LAB	 Cluj-Napoca	 with	 an	 enzymatic	
kit	 (Diazyme).	 In	 brief,	 oxidized	 homocysteine	
(HCY)	 is	 reduced	 to	 a	 free	 form	 which	 reacts	
with	 S-adenosylmethionine	 (SAM)	 to	 form	
methionine	 and	 S-adenosylhomocysteine	 (SAH).	
SAH	is	hydrolyzed	into	adenosine.		The	generated	
adenosine	 is	 immediately	 dehydrogenated	 into	
inosine	and	ammonia.	 In	 the	 last	step,	glutamate	














by	 the	 fact	 that	 there	 are	 differences	 in	 the	 two	
breeds	 studied,	 Van	 Turkish	 vs.	 European	 breed	
from	this	study.	Thus,	values	may	differ	depending	
on	breeds. The	second	round	of	reference	values	
considered	 are	 	determined	 by	 Freeman	 et al. 
(2009),	 in	 the	 study	 on	 healthy	 cats,	 cats	 with	




age	 of	 the	 animals	 included,	 the	 main	 criteria	
for	 choosing	 the	 subjects	 being	 the	 pathologies	
described	above.






from	 the	 study	of	 Freeman	et al.,	 2009,	 revealed	
that	 all	 cats	 maintain	 hyperhomocysteinemia	 at	
the	upper	limit	of	the	maximum	permitted	levels	
Table 1.	The	composition	of	the	diets	for	every	group	test	selected
Control group Test group 1 Test group 2
Standard Mixed Diet
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of	homocysteine		and	some	cats	have	values		much	
closer	 to	 those	 recorded	 at	 those	 at	 high	 risk	 of	
arterial	thromboembolism.
For	 the	 age	 and	 sex	 reference	 values,	
subject	 3	 (T2)	 had	 the	 most	 worrying	 value	 of	
hyperhomocysteinemia,	 exceeding	 the	maximum	
value	 by	 5	 nmoles/mL,	 and	 control	 subject	 and	
subject	2	(T1)	were	the	most	close	to	the	maximum	
accepted	 values	 	exceeding	 by	 only	 0.2	 and	 0.4	
nmoles/mL	 respectively.	 Taking	 into	 account	
the	 second	 study,	 Freeman	 et al.	 2009,	 cited	 for	
the	 reference	 values,	 subject	 2	 (T1)	 recorded	
values		below	the	maximum	accepted	level	with	a	
difference	 of	 0.7	 nmoles/mL,	 the	 control	 subject	
was	 at	 the	 upper	 limit,	 and	 subject	 1	 (T1)	 and	
subjects	 3	 and	 4	 (T1)	 exceeded	 the	 maximum	
value	by	0.8	nmoles/mL,	0.7	and	0.5	nmoles/mL,	
respectively	(Table	2).
The	 results	 of	 the	 study	 obtained	 after	 the	
establishment	of	the	diets	for	9	months	recorded	a	
slight	decrease	in	all	subjects:	control	0.2	nmoles/
mL,	 subject	 1	 (T1);	 0.5	 nmoles/mL,	 subject	 2	
(T1);	0.1	nmoles/mL,	subject	3	(T2);	0.6	nmoles/
mL	and	subject	4	(T2)	0.3	nmoles/mL.	The	most	








for	 control	 and	 subject	 2	 (T1).	 Considering	 the	
second	cited	study,	the	reference	value	for	healthy	
cats	places	 the	 control	 and	subject	2	 (T1)	below	




place	 with	 the	 reference	 value	 for	 cats	 with	









necessary	 for	 the	 future	 a	 larger	 study	 with	 a	
higher	number	of	subjects	of	different	ages,	races	
or	clinical	conditions	(example:	pregnant	females).
Because	 it	 is	 a	 new	 field,	 little	 explored	 and	
yet	 with	 a	 fairly	 impressive	 number	 of	 ongoing	
studies	worldwide,	we	 have	 chosen	 to	 study	 the	
relationship	of	homocysteine	 	with	different	diets	
of	cats,	whether	commercial	or	home	cooked,	and	
the	 comparison	of	 the	 two	 in	 terms	of	nutrition.	
As	mentioned	before,	homocysteine	 	is	a	possible	
plasma	 marker	 for	 cardiovascular	 disease	 and	
myocardial	 infarction,	 especially	 in	 geriatric	
animals,	 too	 little	 researched	 in	 veterinary	
medicine.	 At	 present,	 it	 is	 considered	 that	 these	
diseases	 represent	 a	 third	 of	 the	 total	 deaths	
worldwide,	and	the	prevalence	 is	still	 increasing,	
being	in	the	top	10	pathologies	that	affect	cats.
Comparative	 analysis	 of	 homocysteinemia	
values	 	at	 t0	 and	 t1	 for	 group	 test	 1,	 values	 	that	
decreased	 by	 an	 average	 of	 0.3	 nmoles/mL,	
together	 with	 the	 clinical	 changes	 observed	
throughout	 the	 study	 showed	 the	 benefits	 of	 a	
home	 diet	 according	 to	 their	 own	 prescription.	
The	relationship	between	the	household	diet	and	
the	 weight	 regulation	 of	 the	 subjects	 requires	
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the	 thought	 of	 a	 future	 study	 for	 a	 possible	 diet	
suitable	 for	 sterilized	 /	 neutered	 cats	 with	 a	
tendency	 towards	 obesity.	 Whereas, the	 same 
analysis	 for	group	 test	 II,	 	with	values	decreased	
by	 an	 average	 of	 0.45	 nmoles/mL,	 showed	 that	
a	 single	 type	 of	 commercial	 food	 does	 not	 bring	
the	 necessary	 nutritional	 intake	 to	 the	 feline	
body,	 requiring	 a	 food	 of	 superior	 quality	 and	
of	 several	 types	 (indoor,	 sterilized,	 hair	 &	 coat,	
etc.).	 Comparing	 the	 values	 of	 both	 test	 groups	
with	 multiple	 reference	 values	 have	 	shown	 the	
increased	 risk	 of	 subjects	 (especially	 subject	 3	
and	 4	 on	 the	 CD)	 to	 cardiovascular	 pathologies,	
although	 clinically	 the	 subjects	 were	 declared	
healthy,	approaching	the	maximum	values		for	cats	
with	arterial	thromboembolism.
In	 addition	 to	 the	 serum	 determinations	 of	
homocysteine,	 for	 T1,	 certain	 clinical	 improve-
ments	of	 the	 two	subjects	were	observed	during	
the	 period	 of	 the	 home	 diet.	 Subject	 number	 1	
managed	to	balance	its	weight	from	6.4	kg	to	5	kg,	











walked,	 interacted	with	 each	 other	 and	with	 the	
owner)	 from	 a	 sedentary	 lifestyle	 in	 which	 the	
subjects	slept	most	of	the	time. Another	major	and	
observable	change	was	the	lack	of	halitosis	in	both	
subjects	and	 the	 increase	 in	 time	between	 tartar	
removals.	They	were	deducted	about	two	months	
before	the	start	of	the	study	and	a	second	is	still	not	
needed.	 Diminishing	 hair	 loss	 and	 regenerating	
the	shine	of	the	fur	show	that	the	nutritional	intake	
from	 the	HMD,	according	 to	our	own	recipe,	 can	
have	a	beneficial	effect	in	regulating	hair	and	hair	
ingestion	by	grooming;	ingestion	that	predisposes	
to	 the	 formation	 of	 well-known	 “hairballs”	
responsible	 for	 regurgitation.	 The	 last	 observed	
clinical	change	is	related	to	the	previous	one	by	the	
cessation	of	sporadic	regurgitations	after	copious	




The	 published	 literature	 indicates	 that	
homocysteine	 	is	 an	 independent	 risk	 factor	 for	




optimal	 homocysteine	 	metabolism.	 In	 fact,	
emerging	studies	are	uncovering	new	nutritional	
strategies	for	lowering	high	levels	of	homocysteine	
by	 offering	 new	 possibilities	 for	 preventing	
cardiovascular	 disease.	 Speculation	 about	 this	
special	correlation	continues	to	contribute	to	the	
perplexity	 of	 scientific	 society.	 Although	 most	
research	 suggests	 a	 relationship,	 there	 seems	
to	 be	 other	 evidence	 that	 still	 prevents	 it	 from	
being	 included	 as	 a	 biomarker.	 Every	 ten	 steps	
forward,	we	may	face	a	step	or	two	backwards,	but	
this	 should	 further	 increase	 the	 enthusiasm	 for	
research	in	this	area,	which	certainly	requires	more	
research	until	definitive	evidence	 is	 available	 for	
remove	any	shadow	of	doubt	about	the	correlation	
between	 homocysteine	 	and	 cardiovascular	
disease.	 However,	 this	 review	 should	 provide	
some	insight	into	the	role	of	homocysteine		in	the	
development	 of	 cardiovascular	 disease,	 which	
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